Abstract -Rogowski coils are widely used as high pulsed current sensors in resistance welding. Their operating conditions reflect on requirements for their calibration. A new calibration system has been developed at NRC Canada for calibrating current sensing coils and weld current monitors for AC resistance welding. The calibration system, which includes a high current source and a coaxial copper cage, has been evaluated at peak pulsed currents of up to 80 kA, at 60 Hz. The best expanded measurement uncertainties (k=2) have been estimated to be within 250 �A/A for magnitude and 175 �rad for phase.
I. INTRODUCTION
Rogowski coils are useful and versatile devices used for the measurement of high AC, transient, impulse and pulsed currents in various applications. High-accuracy calibrations of the coils at continuous AC currents of power and audio frequencies for metering and protection applications have been described in [1] , [2] . Their calibration at high pulsed currents used in AC resistance welding has been considered in [3] , [4] .
Despite many papers published on new Rogowski coil designs and applications, as well as a number of existing technical standards, there is a noticeable lack of information and guidelines concerning the calibration of Rogowski coils and their accompanying equipment. Presently, the American Welding Association Standard "Calibration and Performance Testing of Secondary Current Sensing Coils and Weld Current Monitors used in Single-Phase AC Resistance Welding" [5] is under revision and significant efforts are being made to ensure that the revised standard is more practical and relevant to the industry. The dominant technical considerations include determining measurement uncertainties under the test conditions similar to the conditions encountered in the industry, and establishing traceability to SI units at high pulsed currents.
To address these needs, a new calibration system has recently been developed at NRC Canada to provide calibrations for the resistance welding industry. Some of its preliminary testing was reported in [6] . This paper describes the new system, its use for calibrations of the current sensing coils (CSCs) and weld current monitors/meters (WCMs) at high pulsed currents, and presents its evaluation.
II. DESCRIPTION OF THE CALIBRATION SYSTEM
A simplified block diagram of the calibration system is shown in Fig. 1 . It consists of a weld control (WCL) connected to an AC power line, welding transformer (WT), coaxial copper cage (CC), reference Rogowski coil (REF), high-accuracy digital sampling voltmeter (DVM), computer (PC) with communication interfaces, and a current sensing coil (CSC) connected to a weld current monitor/meter (WCM) which represent a device under test (DUT). The AC power supply, WCL, WT and CC form a high-current source, whereas REF, DVM and PC form a reference current measurement system using asynchronous digital sampling. The weld control WCL, through a pair of silicon-controlled rectifiers (SCRs) in anti-parallel connection and their conduction angle, sets the duration and waveform shape of a pulsed weld current. The WCL is a microcontroller-based device with processing, storage, diagnostic and communication capabilities. It has several modes of operation. The welding transformer WT, short-circuited by the coaxial copper cage CC, is used as a current step-up transformer to provide high pulsed current at the output. The CSC and REF coils are mounted inside the CC so as to encircle its center conductor. The role of the cage is to provide a radially symmetrical magnetic field around the cage center conductor. The cage represents a small and constant impedance for the welding transformer output. The current sensing coils CSC and REF provide the output voltages proportional to the first derivative of the high current. These voltages are processed by the weld current monitor/meter WCM, and by the reference measurement system, to provide the primary current RMS value and other parameters. The WCM is also a microcontroller based device with the processing, storage and communication capabilities. The reference Rogowski coil REF is a machined coil of a design similar to that described in [7] . It is characterized by a high positional and temperature stability. Its output voltage is sampled equidistantly by the reference digital sampling voltmeter DVM. The processing of the acquired samples and a comparison of the results with those from the WCM are performed at the computer PC.
A new method for the calibration of weld current monitors separately from their Rogowski coils at the conditions that correspond to those obtained at high pulsed currents, but without the need to use actual high pulsed currents is under development. More details will be presented at the conference.
III. CALIBRATION AND EVALUATION

A. Calibration
The calibration entails generating a high pulsed current in the coaxial cage for both CSC and REF coils, reading the current measured by the WCM and calculating the current measured by the reference Rogowski coil and DVM. The current duration (number of cycles) and heat setting (SCR conduction angle) are pre-programmed in WCL. When the SCRs are connected to the AC power line, the measurement is initiated by the start of the sampling signal XT sent to the DVM. After the generated current ends, the computer PC reads the WCM measurement result and the DVM samples, calculates the reference measurement result, and provides the measurement error of WCM with respect to the reference measurement system.
B. Measurement Capability
The new calibration system has been tested at the AC power line voltage of 600 V, 60 Hz. It has so far been used for generating peak pulsed currents of up to approximately 80 kA. The maximum current is constrained primarily by the current rating of the AC power supply. To limit heating effects, the test duration has not exceeded five power line cycles at the highest currents. The heat settings are in the range 0-99%.
C. Measurement Uncertainties
The REF coil linearity versus current [8] , positional sensitivity, temperature sensitivity, frequency response and repeatability were measured. The REF coil uncertainty (k=2) was found to be less than 200 �A/A for magnitude and 100 �rad for phase. The contribution of numerical integration of the REF output voltage was evaluated through simulations. The calibration of the digital sampling system and its uncertainties are described in [1] . The best expanded measurement uncertainties (k=2) of the calibration system were estimated to be within 250 �A/A for magnitude and 175 �rad for phase.
D. Traceability
Traceability to SI units of the new calibration at high pulsed currents was established through the reference Rogowski coil, REF, calibrated using the NRC calibration of Rogowski coils at continuous AC currents which is compliant with IEC/ISO Standard 17025. The REF coil has been calibrated at the AC continuous currents of both synthesized and fluctuating power line frequencies at the NRC calibration systems for Rogowski coils using digital sampling based on [1] , [2] .
IV. CONCLUSION
A new traceable calibration of current sensing coils and weld current monitors at high pulsed currents for AC resistance welding has been developed at NRC Canada. The new calibration system includes the high pulsed current source and the coaxial copper cage. Its performance has been evaluated at peak pulsed currents of up to 80 kA at 60 Hz and various current, heat, power factor and other test settings. The best expanded measurement uncertainties (k=2) have been estimated to be within 250 �A/A for magnitude and 175 �rad for phase. 
